In the United States, racial minorities generally experience poorer cardiovascular health compared to whites, and differences in alcohol consumption and sleep could contribute to these disparities. With a nationally representative sample of 187,950 adults in the National Health Interview Survey from 2004 to 2015, we examined the relationship between alcohol-drinking patterns and sleep duration/quality by race and sex. Using Poisson regression models with robust variance, we estimated sex-specific prevalence ratios for each sleep duration/quality category among blacks compared to whites within categories of alcohol-drinking pattern, adjusting for socioeconomic status and other potential confounders. Across alcohol drinking patterns, blacks were less likely than whites to report recommended sleep of 7-<9 h/day. Short (PR = 1.30 [95% CI: 1.22-1.39]) and long (PR = 1.30 [95% CI: 1.07-1.58]) sleep were 30% more prevalent among black-male infrequent heavy drinkers compared to white-male infrequent heavy drinkers. Short (PR = 1.27 [95% CI: 1.21-1.34]) sleep was more prevalent among black-female infrequent heavy drinkers compared to white-female infrequent heavy drinkers, but there was no difference for long sleep (PR = 1.09 [95% CI: 0.97-1.23]). Black female infrequent moderate drinkers, however, had a 16% higher (PR = 1.16 [95% CI: 1.01-1.33]) prevalence of long sleep compared to their white counterparts. Environmental, social, and biological factors contributing to these findings, along with their impact on disparate health outcomes, should be studied in greater detail.
Introduction
According to the National Survey on Drug Use and Health, more than half of US adults aged 26 years and older were current alcohol users in 2016 [1] . Moderate alcohol consumption (1-2 drinks/day for men and 1 drink/day for women) may have a protective effect against selected health-related outcomes, including cardiovascular disease (CVD) and all-cause mortality, albeit with
Materials and Methods

The National Health Interview Survey
We analyzed data from the National Health Interview Survey (NHIS), a series of cross-sectional, nationally representative surveys that use a three-stage stratified cluster probability sampling design to conduct in-person interviews in the households of non-institutionalized US civilians. A detailed description of NHIS procedures has been previously published [30] . Briefly, a probability sample of households was interviewed by trained interviewers from the US Census Bureau to obtain information about health and sociodemographic characteristics of each member of the sampled household on a continuous basis each week. The data were collected using computer-assisted personal interviewing (CAPI). A randomly selected adult and child (if present; not included in the current analysis) provided more specific health-related information. The response rate for sample adults was 80.0% (survey year range: 74.2-83.7%). The National Institute of Environmental Health Sciences' Institutional Review Board waived approval for publicly-available, secondary data with no identifiable information, and the NHIS received informed consent from each study participant.
Study Participants
Participants in these analyses included self-identified Non-Hispanic white or Non-Hispanic black (hereafter, white and black) adults aged ≥18 years. Participants were excluded if they were born outside the US or had missing data on either alcohol consumption or sleep duration. We excluded non-US born participants because evidence suggests that sleep patterns among US immigrants differ from those among individuals born in the United States [31] . Our final analytical sample comprised 187,950 adults (Supplemental Figure S1 ).
Measures
Alcohol Drinking Patterns
All adults were asked about their lifetime alcohol consumption by responding to the following question: "In your entire life, have you had at least 12 drinks of any type of alcoholic beverage?" The standard size drink typically includes a 12 fl oz. bottle/can of beer, 8-9 fl oz. malt liquor, 5 fl oz. glass of wine, and 1.5 fl oz. shot of 80-proof spirits [32] . Only participants who acknowledged drinking in the past year were further queried: "In the past year, on those days that you drank alcoholic beverages, on the average, how many drinks did you have?" Interviewers defined 'alcoholic beverages' as including "liquor such as whiskey or gin, beer, wine, wine coolers, and any other type of alcoholic beverage". For participants reporting consumption of at least 12 drinks in their lifetime, we combined a variable for 'average number of drinks on days drank (coded 1, 2, 3 or more)' with a variable for 'days per week drank in the past year (coded 'did not drink' vs. '1-2 days' vs. '3 or more days').
Participants were placed into five mutually exclusive alcohol categories, based on their lifetime consumption patterns, as well as consumption patterns in the past year. 'Never drinkers' were defined as those who reported consuming <12 drinks during their lifetime. U.S. government dietary guidelines for 2015-2020 recommend no more than 1 drink per day for women and 2 for men [33] . Based on these guidelines and prior literature [34] , the remaining participants were placed into the following sex-specific categories: for men, (1) 1-2 drinks/day on ≤2 days/week, (2) 1-2 drinks/day on 3-7 days/week, (3) 3+ drinks/day on ≤2 days/week, (4) 3+ drinks on 3-7 days/week; for women: (1) 1 drink/day on ≤2 days/week, (2) 1 drink/day on 3-7 days/week, (3) 2+ drinks/day on ≤2 days/week, (4) 2+ drinks/day on 3-7 days/week. Thus, for these 4 groupings, regardless of sex, participants in the first 2 categories were following recommended guidelines, participants in the second 2 exceed guidelines, and within this split were differences in number of days of consumption per week.
Sleep Duration and Quality
Sampled adults reported how many hours they sleep, on average, in a 24-h period. Participants were instructed to report the hours of sleep in whole numbers, rounding up values of ≥30 min to the next nearest hour and rounding down values <30 min to the nearest hour. We categorized sleep duration into three groups: short (<7 h), recommended (7-<9 h), and long (≥9 h). Habitual sleep duration of 7-<9 h was used as the reference because it has been associated with the lowest levels of morbidity and mortality [7] . These measures of sleep duration were available for 2004-2015. Additionally, several measures of sleep quality were assessed by asking about "trouble falling asleep" (1-7 or more times vs. never), "trouble staying asleep" (1-7 or more times vs. never), and "waking up most days feeling rested" ('most' [4-7 days] vs. 'few/none' [0-3 days]). Sleep medication use was also assessed by asking about "sleep medication one or more times to help fall asleep or stay asleep" (1-7 or more times vs. never). All measures were based on the previous week of the survey.
Race/Ethnicity
Participants were asked, "What race or races do you consider yourself to be?" They then self-identified as one or more of the following categories: American Indian/Alaskan native, Asian, black/African American, white, or multiple races. Our analysis focuses on blacks/African Americans and non-Hispanic whites because the underlying biological (not necessarily genetic) and social mechanisms leading to differences in sleep duration are likely to vary by race/ethnicity [35] .
Covariates
Based on prior literature, we included measures potentially associated with alcohol consumption, sleep duration and quality, sex, and race/ethnicity including socioeconomic status indicators, health behaviors, medical conditions, and clinical characteristics [27] [28] [29] [34] [35] [36] . Educational attainment was categorized as less than high school (no high school diploma), high school (high school or general equivalency diploma), some college, and at least a college-level education (Bachelor's degree) or greater. We categorized participants as employed or not based on employment status in the week prior to the interview, which was originally categorized as "working for pay", "working without pay", "job not at work", "unemployed", or "not in the labor force". A dichotomized variable of unemployed/not in workforce was used versus working for/without pay. Annual household income was dichotomized as below $35,000 versus $35,000 or above, and poverty status was based on being below the 100% federal poverty level after the participants' best estimates of total income of all family members from all sources before taxes. Marital status was categorized as married/living with partner, divorced/separated/widowed, or never married. Smoking status was categorized as 'never', 'former' or 'current'. Leisure-time physical activity was classified as 'none/unable', 'low', or 'high'. Participants who engaged in at least some level of activity and who provided a specific number of activity bouts were dichotomized at the midpoint of these bouts and classified as 'low' or 'high'. Participants reporting 'never' or 'unable to do this type activity' were categorized as 'never/unable'. We classified participants as having hypertension if they reported ever being told by a doctor or other health professional that they had hypertension. If a doctor or other health professional ever diagnosed them as having coronary heart disease or any kind of heart condition or disease, we combined these variables to adjust for heart disease. Sadness in the last 30 days was dichotomized as all or most of the time versus none/little/some. Self-reported height and weight were used to calculate BMI by dividing measured weight in kilograms by height in meters squared. Obesity was defined as BMI ≥ 30 kg/m 2 , overweight as 25.0-29.9 kg/m 2 , normal weight as 18.5-24.9 kg/m 2 , and underweight as BMI < 18.5 kg/m 2 [37] . Self-reported general health status was categorized as excellent/very good, good, or fair/poor.
Statistical Analysis
We pooled 12 survey years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) of NHIS data merged by the Integrated Health Interview Series [38] . For all analyses, we used sampling weights to account for the unequal probabilities of selection resulting from the sample design, nonresponse, and oversampling of certain subgroups. Standard errors or variance estimates were calculated by using Taylor series linearization. Stata, version 14, software (StataCorp LP, College Station, TX, USA) was used for all analyses. A two-sided p-value < 0.05 was considered statistically significant.
Separately for men and women, we compared the prevalence of certain sleep duration and quality categories among blacks compared to whites across categories of alcohol consumption for pre-specified sociodemographic, self-reported medical history, as well as health and behavioral characteristics using Rao-Scott second-order corrected Pearson statistics [39] . Categorical variables were reported using unweighted frequencies accompanied by the weighted percentages, with all percentages standardized to the age structure of the 2010 Census.
Using Poisson regression with a robust variance estimator, we calculated adjusted prevalence ratios comparing blacks and whites on sleep duration and sleep quality across sex-specific categories of alcohol consumption. All models were adjusted for pre-specified demographic, socioeconomic, health behavior, and clinical characteristics, including age, BMI, educational attainment, employment status, annual household income, smoking status, physical activity, diabetes, hypertension, heart disease, cancer, feeling sad most or all the time in the past 30 days, health status, and region of residence. White participants were used as the reference for the black-white comparisons for greater statistical stability since this group had the largest sample size.
By including an interaction term for race and alcohol in sex-specific regression models, we tested for a potential interaction between alcohol consumption and sleep by race. To further test for potential interaction by sex, we included an interaction term for sex and alcohol consumption in the race-specific regression models. Since alcohol consumption recommendations differ by sex, we first collapsed the sex-specific alcohol variable into 3 categories (never, moderate, heavy) and then generated an overall 3-category variable for alcohol consumption. We included this new 3-category alcohol variable in the interaction term and then in the regression model. Finally, we assessed a potential nonlinear relation between weekly alcohol consumption (continuous variable) and sleep duration (continuous), stratified by short, recommended, and long sleep duration, using restricted cubic spline regression. The splines were generated using PROC SURVEYREG to fit the regression model, adjusting for age, BMI, educational attainment, employment status, smoking status, physical activity, region of residence, and annual household income, while using sampling weights to account for the structure of the NHIS survey data.
Results
Study Population Characteristics
Our sample consisted of 187,950 (18% black and 55% women) participants (Supplemental Figure S1 ). Among men, 14% of white men and 27% of black men were never drinkers (Table 1) . Among women, 23% of white women and 43% of black women reported never consuming alcohol ( Table 2) . Compared with blacks, whites were older, less likely to live in poverty and more likely to be married, to have a college education or above, to report habitually getting the recommended amount of sleep, and to engage in a high level of leisure-time physical activity across all levels of alcohol consumption.
Black-White Differences in Sleep Behaviors Across Categories of Alcohol Consumption
Black-White Differences Prior to Adjustment
We observed black-white differences in sleep duration and quality for both men and women across alcohol consumption patterns (Figures 1 and 2 ). The proportion of black men and women with short sleep duration increased with any alcohol consumption, but short sleep duration varied across alcohol consumption categories among Whites ( Figure 1 ). For white men and women, those who consumed alcohol in moderation at least 3 days per week had the highest prevalence of self-reported recommended sleep duration (69% and 71%). Among black men and women, however, the highest prevalence of recommended sleep was among alcohol never-consumers (61% and 56%). Supplemental Figure S2 shows results by three, simplified alcohol consumption categories of never, moderate, and heavy. Data presented as mean ± standard error or n (%); a Percentage may not sum to 100 due to missing values; SE = standard error; b Leisure-time physical activity = light or moderate leisure-time physical activity that lasts at least 10 min and that causes only light sweating or a slight to moderate increase in breathing or heart rate, and/or vigorous leisure-time physical activities that last at least 10 min and that causes heavy sweating or large increases in breathing or heart rate (Never = 0 times per week of light/moderate or vigorous leisure-time physical activities, Low = less than 1/week to 4 times/week of light/moderate or less than 1/week to 3 times/week of vigorous leisure-time physical activity, High = 5-28 times/week of light/moderate or 4-28 times/week of vigorous leisure-time physical activity). Heart disease = coronary heart disease or a heart condition. Data presented as mean ± standard error or n (%); a Percentage may not sum to 100 due to missing values; SE = standard error; b Leisure-time physical activity = light or moderate leisure-time physical activity that lasts at least 10 min and that causes only light sweating or a slight to moderate increase in breathing or heart rate, and/or vigorous leisure-time physical activities that last at least 10 min and that causes heavy sweating or large increases in breathing or heart rate (Never = 0 times per week of light/moderate or vigorous leisure-time physical activities, Low = less than 1/week to 4 times/week of light/moderate or less than 1/week to 3 times/week of vigorous leisure-time physical activity, High = 5-28 times/week of light/moderate or 4-28 times/week of vigorous leisure-time physical activity). Heart disease = coronary heart disease or a heart condition.
prevalence of short sleep was also observed among black women compared to white women across all categories of alcohol consumption. However, black women with moderate infrequent (1 drink/day ≤ 2 days/week), moderate frequent (1 drink/day 3-7 days/week), and heavy infrequent (≥2 drinks/day ≤ 2 days/week) consumption had a much higher prevalence of short sleep than their white counterparts, while the prevalence of short sleep was less disparate among black and white female never and heavy frequent-drinkers (≥2 drinks/day 3-7 days/week) (pinteraction = 0.004, Supplemental Table S1 and Supplemental Figure S4 ). Supplemental Figure S5 shows results by three, simplified alcohol consumption categories of never, moderate, and heavy. by race and sleep duration categories. Note: Alcohol drinking pattern for men: never = never drinkers; moderate infrequent = 1-2 drinks ≤ 2 days/week; moderate frequent = 1-2 drinks 3-7 days/week; heavy infrequent =≥ 3 drinks ≤ 2 days/week; heavy frequent =≥ 3 drinks 3-7 days/week. Sleep duration: short =< 7 h; long =≥ 9 h, recommended = 7-<9 h. Alcohol drinking pattern for women: never = never drinkers; moderate infrequent = 1 drink ≤ 2 days/week; moderate frequent = 1 drink 3-7 days/week; heavy infrequent =≥ 2 drinks ≤ 2 days/week; heavy frequent =≥ 2 drink 3-7 days/week. Sleep duration: short: <7 h; long: ≥9 h, recommended: 7-<9 h.
(A) Figure 1 . Age-standardized proportions across alcohol drinking pattern for men (A) and women (B) by race and sleep duration categories. Note: Alcohol drinking pattern for men: never = never drinkers; moderate infrequent = 1-2 drinks ≤ 2 days/week; moderate frequent = 1-2 drinks 3-7 days/week; heavy infrequent =≥ 3 drinks ≤ 2 days/week; heavy frequent =≥ 3 drinks 3-7 days/week. Sleep duration: short =< 7 h; long =≥ 9 h, recommended = 7-<9 h. Alcohol drinking pattern for women: never = never drinkers; moderate infrequent = 1 drink ≤ 2 days/week; moderate frequent = 1 drink 3-7 days/week; heavy infrequent =≥ 2 drinks ≤ 2 days/week; heavy frequent =≥ 2 drink 3-7 days/week. Sleep duration: short: <7 h; long: ≥9 h, recommended: 7-<9 h.
Black-White Differences in Short Sleep Duration by Sex
In fully-adjusted models, both black men and women were significantly more likely to report short sleep duration (<7 h) across all categories of alcohol consumption, compared to their white counterparts (Figure 2 ). There were significant interactions between sex and alcohol drinking patterns for short sleep (p interaction = 0.01) among whites, but not among blacks (Supplemental Table S1 , Supplemental Figure S3 ). We also did not find a significant interaction for drinking pattern by race for short sleep among men. Compared to white men who never consumed alcohol, short sleep was 25% (PR = 1.25 [95% CI: 1.14-1.37]) more prevalent among black men who never consumed alcohol. Among male drinkers and across consumption patterns, short sleep was also approximately 30% more prevalent among black men compared to their white counterparts. A significantly higher prevalence of short sleep was also observed among black women compared to white women across all categories of alcohol consumption. However, black women with moderate infrequent (1 drink/day ≤ 2 days/week), moderate frequent (1 drink/day 3-7 days/week), and heavy infrequent (≥2 drinks/day ≤ 2 days/week) consumption had a much higher prevalence of short sleep than their white counterparts, while the prevalence of short sleep was less disparate among black and white female never and heavy frequent-drinkers (≥2 drinks/day 3-7 days/week) (p interaction = 0.004, Supplemental Table S1 and Supplemental Figure S4 ). Supplemental Figure S5 shows results by three, simplified alcohol consumption categories of never, moderate, and heavy.
(B) Figure 1 . Age-standardized proportions across alcohol drinking pattern for men (A) and women (B) by race and sleep duration categories. Note: Alcohol drinking pattern for men: never = never drinkers; moderate infrequent = 1-2 drinks ≤ 2 days/week; moderate frequent = 1-2 drinks 3-7 days/week; heavy infrequent =≥ 3 drinks ≤ 2 days/week; heavy frequent =≥ 3 drinks 3-7 days/week. Sleep duration: short =< 7 h; long =≥ 9 h, recommended = 7-<9 h. Alcohol drinking pattern for women: never = never drinkers; moderate infrequent = 1 drink ≤ 2 days/week; moderate frequent = 1 drink 3-7 days/week; heavy infrequent =≥ 2 drinks ≤ 2 days/week; heavy frequent =≥ 2 drink 3-7 days/week. Sleep duration: short: <7 h; long: ≥9 h, recommended: 7-<9 h. 
Black-White Differences in Long Sleep Duration by Sex
Associations between alcohol consumption and long sleep varied by race in both sexes (pinteraction for men = 0.03 and pinteraction for women = 0.01, Supplemental Table S1 ). Among men, never-drinkers were more likely to be long sleepers among whites, and less likely to be long-sleepers among blacks (Supplemental Figure S4 ), but we observed the opposite among heavy drinkers. Compared to white men, black men reporting heavy infrequent drinking (consumed ≥3 drinks ≤ 2 days/week: PR = 1.30 [95% CI: 1.07-1.58]) or heavy frequent drinking (consumed ≥3 drinks 3-7 days/week: PR = 1.41 [95% CI: 1.12-1.76]) were more likely to report long sleep duration (Figure 2A ). Among women, white heavy frequent drinkers had the highest prevalence of long sleep, but black moderate frequent drinkers had the highest prevalence of long sleep (Supplemental Figure S4) Note. Short sleep: <7 h; long sleep: ≥9 h. Prevalence ratios adjusted for age, BMI, educational attainment, income, employment status, smoking, physical activity, diabetes, hypertension, heart disease, cancer, feeling sad (past 30 days), health status, and region of residence. Sleep quality data is from 2013-2015. a The referent category is white men (A) or white women (B) with recommended sleep (7-<9 h); b Number of times having trouble falling asleep over the past week (1-7 or more times vs. never); c Number of times having trouble staying asleep over the past week (1-7 or more times vs. never); d Days woke up feeling rested over the past week (4-7 days vs. 0-3 days); e Number of times taking medication for sleep over the past week (1-7 or more days vs. never). * (A) Significant interactions between race and alcohol drinking pattern for men (long sleep: p interaction = 0.03); (B) Significant interactions between race and alcohol drinking pattern for women (short sleep: p interaction = 0.0004; long sleep: p interaction = 0.01; trouble falling asleep: p interaction = 0.05; took sleep medication: p interaction = 0.0003).
Associations between alcohol consumption and long sleep varied by race in both sexes (p interaction for men = 0.03 and p interaction for women = 0.01, Supplemental Table S1 ). Among men, never-drinkers were more likely to be long sleepers among whites, and less likely to be long-sleepers among blacks (Supplemental Figure S4) , but we observed the opposite among heavy drinkers. Compared to white men, black men reporting heavy infrequent drinking (consumed ≥3 drinks ≤ 2 days/week: PR = 1.30 [95% CI: 1.07-1.58]) or heavy frequent drinking (consumed ≥3 drinks 3-7 days/week: PR = 1.41 [95% CI: 1.12-1.76]) were more likely to report long sleep duration (Figure 2A ). Among women, white heavy frequent drinkers had the highest prevalence of long sleep, but black moderate frequent drinkers had the highest prevalence of long sleep (Supplemental Figure S4) . Only black women who reported moderate alcohol consumption (1 drink ≤ 2 days/week, PR = 1.16 [95% CI: 1.01-1.33] and 1 drink 3-7 days/week, PR = 1.67 [95% CI: 1.07-2.61]) had higher prevalence of long sleep than their white counterparts ( Figure 2B ).
Black-White Differences in Sleep Quality by Sex
There were also racial differences in sleep quality for specific categories of alcohol consumption. Table S1 and Supplemental Figure S4 ) resulting in no racial difference in that group.
We conducted a sensitivity analysis excluding men and women under the age of 21 years and found no substantial change in the results for men. For women, we observed a significantly higher prevalence of long sleep among black women who never consumed alcohol (PR = 1.13 [95% CI: 1.02-1.25) or had ≥2 drinks ≤ 2 days/week (PR = 1.17 [95% CI: 1.04-1.32]). No substantial change in the PRs for other sleep duration and quality measures among women were observed.
The fitted restricted cubic models suggested a nonlinear association between alcohol drinking patterns and sleep duration among short, recommended, and long sleepers (Supplemental Figure S6) . Among short sleepers, higher levels of alcohol consumption were associated with a steady decrease in sleep duration for white men and women with average alcohol consumption between 10 and 30 drinks per week. The overall curves for black men and, particularly, for women who were short sleepers were more variable with increasing alcohol consumption. Spline curves were much flatter for recommended and long sleepers, but greater variability sleep duration remained with increasing alcohol consumption among black men and women.
Discussion
In a nationally representative sample of the US population, the relationship between alcohol drinking patterns and sleep duration differed between blacks and whites among both men and women. The groups most likely to report the recommended amount of sleep were blacks who never consumed alcohol and whites who frequently consumed in moderation. The prevalence of short sleep duration was higher among black men and women who consumed alcohol compared to their black counterparts who never consumed alcohol, but the prevalence of short sleep across alcohol consumption patterns was more variable among whites. Within each alcohol consumption category (whether never or excessive), blacks had a significantly higher prevalence of short sleep than whites. Interestingly, black-white differences in the prevalence of short sleep were greatest among participants who frequently drank alcohol in moderation. Alcohol consumption patterns and long sleep duration also varied by race-sex group. Racial differences in the relationship between alcohol consumption patterns and suboptimal sleep duration were more pronounced among women than men.
Alcohol use prior to falling asleep often leads to sleep disturbances [40] . In fact, alcohol consumption appears to have myriad effects on sleep architecture depending on chronic vs. acute usage, the dose, and timing of consumption. In short, alcohol can enhance sleep onset, but also decrease sleep continuity during the 2nd half of the sleep period. Additionally, alcohol has been shown to increase slow wave sleep (at least in the short-term) and suppress rapid-eye movement sleep [11, 19, 40] . Perpetual alcohol use disrupts sleep and large amounts for extended periods can degrade sleep quality [19, 22] . In a prior study regarding alcoholism, alcoholic individuals had more sleep abnormalities than non-alcoholics, and black participants had more severe sleep abnormalities than whites [23] . Given these findings, it is surprising that we did not observe consistently higher prevalence of shorter sleep duration among white heavier drinkers.
Shorter sleep among blacks compared to whites could be due to greater exposure to stressful environments. Research suggests that chronic stress, such as institutional and interpersonal discrimination, is experienced more often by blacks and is associated with worse sleep and health outcomes among blacks [7, 36, 41, 42] . While studies show an overall lower prevalence of alcohol use and abuse among blacks compared to whites [43] , coping strategies in response to chronic stress may include unhealthy behaviors such as alcohol drinking [29] . Of note, chronic stress alone causes hypothalamic pituitary axis (HPA) dysregulation, is associated with altered circadian rhythms, and increases in circulating cortisol levels [44, 45] while alcohol abuse is associated with greater sympathetic nervous system (SNS) activity among blacks, but with lower SNS activity among whites compared to non-alcohol abusers within racial groups [46] . Norepinephrine is associated with insomnia and increases in alertness, heart rate, and blood pressure [46] , all of which are negatively associated with suboptimal sleep. Sleep deprivation, a result of habitual suboptimal sleep duration, is also hypothesized to elevate nocturnal cortisol over time [47] . If Black adults have HPA axis disruption due to chronic stress and sleep deprivation, the physiologic effects of alcohol use may further exacerbate racial disparities in sleep. Future longitudinal studies investigating these plausible biologic mechanisms and how they are affected by modifiable, environmental stressors are warranted.
The broader social environment may also contribute to racial differences in alcohol drinking patterns. For example, even though blacks compared to whites have lower rates of alcohol consumption and heavy drinking, black men especially, are more likely to encounter alcohol-related social consequences, such as legal problems because of drinking [27, 28] . Potential social consequences due to alcohol drinking may negatively affect consumption behavior. In our study, white moderate and heavy drinkers had much higher income and education than their black counterparts, which agrees with prior literature stating-among blacks-heavier drinkers are often lower income and lack social capital [27] . The racial differences in drinkers illustrates that shorter and longer sleep durations observed among blacks (especially black males) compared to whites could be a result of stress and other social problems faced more often by lower socioeconomic status blacks compared to white moderate and heavy drinkers. This is an important area for further sleep research to disentangle race, sex, the social environment related to chronic stress, and alcohol use.
Gene-environment interactions may also contribute. ADH1B*3, the most widely replicated gene variant of aldehyde dehydrogenase and the primary enzyme responsible for metabolizing alcohol, appears more prevalent among blacks than whites [26, 46] . The ADH1B*3 allele is associated with significantly faster ethanol metabolism to acetaldehyde. Although ADH1B*3 appears protective against alcohol misuse disorders among blacks, it nonetheless may lead to adverse consequences among black carriers of the B*3 allele who drink [46] . Therefore, the racial disparities in suboptimal sleep duration we observed may also be a manifestation of the adverse health effects of alcohol consumption in the face of accelerated acetaldehyde production. Future research should investigate the potential role of gene-environment interactions.
Our results indicating race-sex interactions in the association between alcohol consumption and sleep are consistent with the prior literature. For example, in a study of 178 male and female young adults, there were race and gender differences in acute responses immediately following alcohol administration which remained after adjustment for recent alcohol use [48] . Pedersen and McCarthy examined the sedating and stimulating effects of alcohol on the ascending and descending limbs of blood alcohol curves after administering a dose of alcohol designed to make participants reach a peak blood alcohol concentration of 0.075 to 0.080 mg %. Men experienced sharper increased stimulation compared to women and blacks demonstrated greater stimulation compared to whites on the ascending, but not descending limbs of blood alcohol curves. Compared to white women, black women showed marginally increased sedation over time. Conversely, compared to white men, black men showed marginally slower sedation after alcohol administration. These observations highlight the complexity of the effects of alcohol consumption by race and sex. Nonetheless, it is plausible that in our large-scale epidemiological study, black men may have been more likely to have trouble staying asleep due to higher stimulation and less sedation than white men. Black women also may have longer sleep and fewer problems staying asleep due to increased alcohol-related sedation.
Our study has limitations. For instance, we used a cross-sectional study design and temporality between alcohol consumption patterns and sleep duration/disturbances could not be established. Also, all data were based on self-report. Self-reported alcohol consumption data are reasonably valid and reliable even though the quantity may be underreported at levels above moderation [49] [50] [51] [52] . Nonetheless, computerized assessments such as the computer-assisted personal interview used in the NHIS may overcome some of the disadvantages of self-and interviewer-administered instruments. Our measure of alcohol use was also based on the time period from the past year, but drinking patterns may change over time. Misclassification of sleep difficulties likely remains and objective measures of sleep quality may be necessary in future studies. For instance, blacks have been shown to be less likely to self-report sleep complaints (e.g. trouble falling and staying asleep) [53] , but sleep is consistently worse than whites based on objective sleep measures [54] . Lastly, the observed association for alcohol and sleep could, in part, reflect unmeasured confounding or interactions of alcohol with unmeasured factors like psychosocial stress. Despite these limitations, this study has important strengths. First, the nationally representative nature of our data allows for inferences to the general US population of black and white adults. The sample size was large overall and in terms of racial/ethnic minority representation, which allowed for robust stratification of both race and sex. Second, we had greater detail on drinking patterns than is typically available. Third, we included absolute differences that are important for communicating impact and relative measures of association for the strength of the relationship while adjusting for potential confounders. Lastly, we included more recently collected data than prior studies.
Conclusions
Alcohol use is widespread in the US, which has important health implications. This study extends the public health and health disparities literatures by highlighting that its impact on sleep appears to differ by race and sex. Behavioral correlates like alcohol drinking patterns and sleep track together in a complex manner and could act in concert to contribute to health disparities by race and sex. Future studies on alcohol should include more racially-diverse participants. These studies should seek to understand the overall alcohol-sleep relationship and determinants of racial disparities, which may lead to novel identification of targets for interventions and mitigate downstream consequences as well as address health disparities. For instance, it would be useful to more closely investigate racial differences in the influence of drinking patterns on sleep. Given racial differences in consumption type and pattern, it would be equally interesting to study the reasons for drinking pattern differences as well as the impact of type of alcohol consumed on sleep. Future studies should also consider the influence of race-associated social and environmental stress on the relationship and potential future health impacts.
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